Abstract Leber's hereditary optic neuropathy (LHON) is a maternally inherited late-onset form of blindness characterized by acute or subacute bilateral retinal degradation resulting in a permanent loss of central vision. G11778A, C3460A, and T14484C mutations on mitochondrial DNA (mtDNA) are specific for LHON and account for most, but not all, worldwide LHON cases. A six-generation Indonesian LHON family with the T14484C mutation was analyzed. Polymerase chain reaction/restriction fragment length polymorphism analysis showed that all of the maternal lineages had the T14484C mutation in a homoplasmic form. Penetrance of the disease (33.3%) and male predominance (3:1) was similar to other worldwide LHON with the T14484C mutation. The incidence of offspring born to affected mothers was no different from that of unaffected mothers, and the age distribution of cases was no higher than that of asymptomatic carriers. Eight secondary mutations were sought but not detected. The patients of this family belonged to haplogroup M. These findings support the idea that the mtDNA backgrounds involved in the expression of LHON mutations in southeast Asians are different from those of Europeans.
Introduction
Leber's hereditary optic neuropathy (LHON) is a maternally inherited late-onset form of blindness characterized by acute or subacute bilateral retinal degradation resulting in a permanent loss of central vision. A typical feature of LHON is a peripapillary microangiopathy, which involves the presence of tortuous vessels in the central retina and telangiectatic capillaries (Newman 1998) . Genetic studies of LHON families have shown incomplete penetrance of optic neuropathy and higher incidence in male offspring (Riordan-Eva et al. 1995; Sudoyo et al. 2002; Mashima et al. 1998 ). Therefore, genetic and/or environmental etiologic factors play roles in LHON development.
In the late 1980s, Wallace and colleagues initiated studies of the molecular basis of LHON and characterized a responsible mitochondrial DNA (mtDNA) mutation for LHON; the mutation, G11778A, which was located in the ND4 gene, was found in the majority of LHON cases with European origins (Wallace et al. 1988) . Together with other two mutations, C3460A and T14484C, the G11778A mutation is one of the primary mutations that are specific for LHON and that account for most, but not all, worldwide LHON cases (Johns et al. 1992; Howell et al. 1991; Huoponen et al. 1991) .
However, these primary mutations do not account for characteristics of LHON such as incomplete penetrance and male predominance, and so, many attempts have been made to determine other possible factors influencing LHON development. For the primary mutations, a homoplasmic status for the mutated allele is observed in most LHON patients. However, a small proportion of patients demonstrate a heteroplasmic status for wild and mutated alleles, and the relationship between heteroplasmy and onset of LHON is still not well understood (Newman et al. 1991; Smith et al. 1993; Howell 1994; Mashima et al. 1995; Chinnery et al. 2001) .
Several mutations, such as those at nucleotide positions (np) 3394, 4216, 4917, 5244, 7444, 9438, 9804, 13708, 13730, 15257, and 15812 , are considered to be related to LHON pathogenesis. They are called ''secondary'' mutations because (1) some of them are rarely found, and others are found not only in LHON patients and their maternal relatives, and (2) they contribute to LHON progression, if at all, in combination with other mutations (Oostra et al. 1994; Hofmann et al. 1997; Mashima et al. 1998) .
MtDNA haplotype analyses of European LHON families have revealed that European and north American 11778 and 14484 mutations tend to associate with haplogroup J (Brown et al. 1997; Howell et al. 1995; Torroni et al. 1997) . Recently, Sudoyo et al. (2002) Although many genetic studies have been carried out on LHON in European and north American populations, few studies have been performed in southeast Asians. To understand the molecular mechanism of LHON development, investigations of Asian LHON cases and comparisons of them with European LHON cases are awaited. We report here an Indonesian family carrying the LHON T14484C mutation.
Subjects and methods

Subjects
A large family with inherited blindness in Banjarnegara, Central Java, Indonesia has been reported (Dyat 1989) . They have a Javanese ethnic background. After informed consent was obtained, peripheral blood was collected from the members of the family. The total number of blood specimens was 43, including those from 12 blind individuals. Their sex, age, and case histories were recorded. One male aged 18 years recovered from blindness. The pedigree of this family is presented in Fig. 1 . LHON mutation screening and haplotype analysis DNA was extracted from blood specimens by the NaI method (Wang et al. 1994 ) and analyzed by the polymerase chain reaction (PCR)-restriction fragment length polymorphism (RFLP) technique. The primer sets and restriction enzymes used for LHON mutation screening are shown in Table 1 . PCR amplifications were performed in 50 ll reaction mixture, consisting of 1· PCR buffer, 2 mM MgCl 2 , 20 pmol forward primer, 20 pmol reverse primer, 1 U Ampli Taq gold (Applied Biosystems, Tokyo, Japan), and 1 ll DNA. PCR cycling was initiated after a denature step of 95°C for 9 min, and 45 PCR cycles were preformed. Aliquots of 10 ll PCR Fig. 1 Family tree of the Indonesian LHON family (filled symbols affected, open symbols unaffected, shaded symbols unaffected maternal relative). The numbered individuals were the subjects of this genetic study, and each number indicates the age of the individual at examination (? unknown age, asterisk recovered from blindness) products were used for restriction enzyme digestion. In total, 20 ll mixture (1· buffer, 1 U restriction enzyme, 10 ll PCR product) was incubated at the recommended temperature for more than 12 h. The restriction fragments were electrophoresed on 2% agarose gel and visualized by ethidium bromide staining.
To confirm the presence of 14484 mutants, PCR was performed by using a specific primer set (forward: 14393-14414, reverse: 14739-14758), and the nucleotide sequence of the PCR product was determined by using an ABI PRISM BigDye Terminator cycle sequencing FS kit and ABI PRISM 310 Genetic Analyzer (Applied Biosystems).
Primer sets for 10394 DdeI and 10397 AluI (forward: 10200-10217, reverse: 10678-10691) and 13708 BstNI (forward: 13462-13480, reverse: 13875-13894) were used in the PCR-RFLP analysis to identify the mtDNA haplogroup of the patients.
Results
PCR-RFLP analyses to detect LHON primary mutations were performed in 12 patients of our Indonesian family and showed that all the patients had a T14484C mutation (Fig. 2a) . This mutation was confirmed by direct sequencing (Fig. 2b) . Other primary mutations, viz., G11778A and G3460A, were not found in the patients. The presence of the T14484C mutation was screened and was found exclusively in the maternal relatives of the patients (15 individuals). Heteroplasmy of this mutation was not observed in this family.
Penetrance in this family was 33.3%. The male to female ratio was 3:1, and the number of male cases was significantly greater than that of female cases (P=0.014, Fisher's exact test; Table 2 ).
The age of the youngest patient was 18 years in this family. In order to determine the factors responsible for LHON onset, we compared the incidence in offspring aged over 18 years born to affected and unaffected mothers, but this was not significantly different (P>0.05, Fisher's exact test; Table 3 ). Figure 3 shows the age distribution of the patients and asymptomatic carriers over 18 years of age; the age distribution of the patients and asymptomatic carriers was not different (P>0.05, Mann-Whitney U test).
We performed PCR-RFLP screening for np 4216, 4917, 5244, 9438, 9804, 13708, 15257 , and 15812 substitutions to find secondary mutations. PCR-RFLP showed that none of the subjects had any substitutions. We then identified the mtDNA lineages of the LHON family as haplogroup M (gain of np 10394 DdeI and np 10397 AluI sites).
Discussion
The genetic backgrounds of southeast Asian LHON are poorly understood compared with those of European and north American LHON. We report here a six-generation LHON family with the T14484C mutation in Indonesia.
The penetrance of LHON in this family was 33.3%, and significant male predominance was observed in the LHON patients (male:female=3:1; P=0.014). These characteristics were similar to those of other worldwide LHON 14484 mutation carriers (Riordan-Eva et al. 1995; Sudoyo et al. 1998 Sudoyo et al. , 2002 Mashima et al. 1998) . Fig. 2a, b Detection of the T14484C mutation. a Detection of the T14484C mutation by PCR-RFLP with ApaLI (WT wild type, M T14484C mutation). b Confirmation of the T14484C mutation by direct sequencing (arrow T14484C mutation) Possibly primary mutation (Johns and Neufeld 1993) A better visual prognosis of LHON patients with the 14484 mutation than those carrying the 11778 mutation has been universally observed (Riordan-Eva et al. 1995; Oostra et al. 1994; Mashima et al. 1998) . One case who showed an amelioration in his eyesight indicates that the visual prognosis of LHON patients with the 14484 mutation is relatively good and provides us with a clue regarding the search for a treatment.
In order to find the factors influencing LHON progression, we studied the incidence of LHON patients born to affected mothers and the relationship between age and LHON development; however, we could not find any significant tendency relating to the development of LHON. More numbers of cases are thus required.
We performed PCR-RFLP screening to detect eight known secondary mutations, but none of the subjects had any of these substitutions. The present Indonesian LHON family with the 14484 mutation belongs to the large Asian haplogroup M, in comparison with the southeast Asian G11778A mutation, which belongs to haplogroups M and BM (Sudoyo et al. 2002) .
The clustering of the European LHON 11778 and 14484 mutations in haplogroup J suggests that several sets of single-nucleotide polymorphisms in this haplogroup may have a relationship with the development of LHON; however, the finding that the Asian LHON 11778 and 14484 mutations are not associated with haplogroup J but with the Asian haplogroups M and BM indicates that different sets of sequence variants from the European LHON-related haplotype may contribute to the Asian LHON onset. Our result supports the idea that different DNA backgrounds are involved in the expression of LHON in southeast Asians and Europeans. A10398G is responsible for the DdeI recognition site at np 10394 and is common to haplogroups M, BM, and J. This substitution is considered to be one of the candidate sequence substitutions influencing the development of LHON; however, this region is also known to be variable, and the substitution is present in numerous haplogroups (Brown et al. 1992; Torroni et al. 1997; Finnila¨and Majamaa 2001; Sudoyo et al. 2002) . Comparing the DNA variants between European LHON patients and Asian patients is essential for understanding the effect of genetic background on LHON.
